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meters/second, Simi;gpi suremepﬁgjmade at Goose Bay, Labrador

driftGntil

ocal magnetic midnipht and —

}

/

rORM
DD | an 7 1473 eoimon or 1 Nov e 1s ossoLETE UNCLASSII'ILD

/.?-

SECURITY CLASSIFICATION OF THIS PAGE (Whan Data Kntered)



— — v -

!
|

|
!

. expanding, wor

UNCLASSIFIID SRR T———y

"V’U"‘N CLASHMIFrAY IO, .' ] ', r' P T Tiee
PRGN

e ® e nriweeim e Swss Wmn e——ry

20 ABSTRACT ((nnt{nuod) ‘

‘then a change to an eastward drift, The lonospheric.drifts ob-~
served at Goose Baysare consistent with the expected sunward
return flows of the two-Wcell polar plasma convection pattern.

The utility of data from a network of digital ionosondes ic en-
hanced through automatic scaling of parameters needed for research
and radio wave propagation management. The values of hmfP2 deduced’
by real-height analysis of automatically scaled Digisonde iono- a
prams have been compared with simple methods based on routinely !
scaled ionospheric characteristice. Systematic discrepancies were !
found between the hmF2 values obtained from the simple methods and
the real-height analysis. Overestimates of 15-20 km were found
for the nipght data from five stations and low solar activity,
Daytlme discrepancies are normally less, with 80% showing agreement
within &10 km. Analyses, similar to those presented here, are
uoeful/for deffning the limits of the simple methods and for
galnlng confiddnce in the automatically obtained data from the
d-wide network of digital ionosondes. l
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FOREWORD

Within several years, a world-wide network of
approximately 40 digital ionosondes will be operating to
further understanding of solar-terrestrial and radio physics.
The digital ionosondes possess capabilities to provide data
bases that heretofore were limited to instruments requiring a
significant capital investment (e.g. incoherent scatter radar)
or were labor intensive to obtain (e.g. real-height analyses).

With the maturation of the Digisonde hardware, there
has been associated analytical work to develop automatic,
computer~-based algorithms that will provide reliable data
bases of the aforementioned types.

The University of Lowell Center for Atmospheric
Research, with cooperation and support from the Air Force
Geophysics Laboratory, recently contributed two journal papers
that document the approaches and some results of the
associated analytical work. The first paper summarizes the
technique and initial results of using the Digisonde to obtain
ionospheric drifts. Results are presented from experiments
conducted at Thule, Greenland and at Goose Bay, Labrador.
These results demonstrate that a systematic study of
ionospheric drifts is now feasible with a network of ground-
based digital ionosondes. The second paper compares F layer
peak heights obtained from true height analyses of
automatically scaled ionospheric parameters to those derived
from the routinely scaled ionospheric characteristics.
Continued assessment of the computer-based analytical methods
identify limits and provide confidence in the data bases that
result from the expanding, world-wide network of digital
ionosondes.
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This scientific report includes the recent journal
articles mentioned above:

Reinisch, B. ¥W., J. Buchau and E. J. Weber, "Digital
Ionosonde Observations of the Polar Cap F REgion
Convection," Physica Scripta, Vol., 36, pp., 372-377,
1987,

McNamara, L. F., B, W. Reinisch and J, 8, Tang,
"Values of hmF2 Deduced from Automatically Scaled
Ionograms," Adv., Space Res,, Vol. 7, No. 6, pp.
(6)53=(6)56, 1987,




ki B, e

e s s ok m a W

Physicu Sevipta, Vol. 36, Y72-377, 1987,

Digital lonosonde Observations of the Polar Cap F Region

Convection’

Boado W, Reinivch

Lniversty of Lowell Cemer for Aimaspheric Ressurch, 450 Athen Sireet, Lowell, MA (11K84, LKA
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Jurgen Buchau und Edwurd J. Weber

At Vo Geophaaes Laboratory, Hunwom AT MA 0173, 1I8A
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Abstruct

Ground:based 4ol abservutions of the winter polns cup Foregion show (hal
the magnerosphenically induced ionosphanc convection cun be meusured for
the bottomude inosphere A dipta) ionosonde with four spuced receiving
antennas operited @i Thule, Greanlund (86° CGLY 10 the Doppler=dnfi
made A numbes of 24:hour measuremente indicute thal the dnfi direction
changes linearly e 4 function of ime i wccordunce with ihe predicied
untsunwurd convechion putiern The dnft velocitiee vary from MK o X0 m s,
Measurements al o subauroral stution {Cloose Huy, Lubrugor, 08 COL)
with the sume spuced-antennus: Doppler-dnift technique show « steudy wesi-
wiird drit unhil focal mugnenic midnight und i fust swith-over at that ime
le un gaviwurd dnfs We conclude that the observed subaurors) drifis sre the
sunwird reiuen Rows of the palar plismu convecnion, snd the swiich-over
ugcury when the stuhon rotutes from the dusk cll inio the diwn call,

1, Introduction

Satellite observations have established the existence of a two
cell convection pattern in the polar F region drift when the
inserplunctary mugnetic field (IMF) has @ southward com-
ponent [1, 2). This convection patiern produces an antis
sunwaird drift gt the highest latitudes and sunward drift at
lower latitutdes in the auroral zones, The plasma low pattern
1 less predictable und more irregulur when the IMF has o
northward component {3, 4). Wygant ¢f al, [5) huve shown
that the response time of the convection (o changes in the
IMF is two hours or more,

The University of Lowell und the Air Force Geophysics
Laboratory have developed ground-based observation
techniques that can monitor the plasmu convection as 8
function of time, We have begun 1o meusure the F-region
drift at three high latitude stations: (1) Thule, Greenland, 6°
CGL. (2y Goose Bay, Lubrador, 65° CGL. and (3) Argentiu,
Newfoundland, $8° CGL. In this paper we give a brief
description of the high-frequency (HF) radio technique used
10 measure the fonospheric drift und present some of the
results of the Thule und Goose Buy observations,

2. Spaced-antennu doppler drift technique

Spaced-antenna H ¥ observations of fonospheric drifts is un
effecine method 10 study the dynumics of the ionized stmos.
phere. Verticully trunsniitted HF waves illuminate u large

¢ This puper was ¢ontributed 10 the "SCOSTEP $isth Quadrenmial Inter-
pationa’ SolarTerresirial Physigs Symposium”, Toulouss, 1980, and will
b neiwded in part 1 of the Conferance proceedings (Ediors. B Hulgym,
0 Kegr und U vur Zahn)

fhicsca Serprg

iren of severul hundred kilometers diameter in the F reglon,
un array of antennus receives the signals reflected from the
ionosphere, For the measurements described 1n this paper we
used Digisondes [6, 7). 1.¢.. udvinced digital lonosandes, thal
operuted uhternutively In the ionogram und the drift modes,
Actuully, the fonogrums were spuced by five minutes und the
time in between was flled with a number of 1osec drifi
meusurements. The individual untennas of the receiving urray
are multiplexed ut the pulse repetition rute (200 Hz), The time
series received at cuch of the untennas is Fourier transformed
in real time resulting in four complex speciri (in the cuse of
four recelving untennas) ut the end of each measurement
period, ‘The specirul resolution wus 0,128 Mz,

Cross-correlation (8) of the complex specira from the
spaced antennus determines the angle of arrival for cuch
spectral component containing significant signul energy. As 4
result of this anulysis one cun consiruct u sky mup showing
the location of each reficction point, or source [9). specified by
a given Doppler frequency, which defines the rudial velocity
componeni of the moving plusma for this source, The Doppler
frequency « s given by

! .
d, = ;v'lt. S = 1,2,.,. (source index)

where v Is the drifi velocity and k the wave vector, An
example of such u sky map is shown in Fig, |, The majority
of the sources ure located in the south-cast with 4 zenith
ungle of about 20°. The Doppler frequencies vary from
+ 1,06 Hz (lubeled 1) 10 ~0.81 Hz (labeled 7). By assuming
thut the observed Doppler shifis are the result of 8 uniform
bulk motion of the reflecting plusma, one can determine the
three-dimensionu! velocity vector v which, in the lcast-
squares-error sense, best represents the Doppler frequencies
d, measured ot the source locations »,..cified by &,.

1t is important 1o realize thut the 14 sources shown in the
sky man of Fig. | existed simultancously within a 168 time
window, The existence of the many sources was first estab-
lished by the spectrul analysis, and then their location was
found by cross-correlating the antenns. signalx in the spectral
domuin, The dimensions of the receiving antennu array arc
shown in Fig. 2 together with the array patiern for a 10 M2
signul. 1t is evident that the ungular resolution of the urray
would huve been much too low (o resolve the different sources
shown in Fig, 1, iF it hud not been for the preselection by the
Fourwr analysls,

¢
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N Deift obeervations at Goose Hay

In un effort v study the divenal sarition of the I region drift
we calculated the uverage dnft velocity Tor every [3min
intersal The directon twamuth) and the magmitude of the
horizonts! dnft component are plotted as Tunction of tme in
Fige Yand 4 for two winter duys ut Goose Hay. In hoth cises,
the dnift s westward before locul midnight und chunges within
about one hour to o presdominuntly eastward drift. This
hehuvior i evacthy what 1s espected in the presence of the
twoevel! polir convection pattern. Goose By it 68° CGL i
under the sunward return flow (magnetic westh of the dusk
cell before Tocul tmdmght. At midmight, Goose Buy rotites
through the Hurang discontinuty 1o the duwn cell where the
sounder now senses the sunward Now (magnenc cast) of the
dawn cell

The typical seloens vadues are sround 100 m:, but

Bodo W Reinisch, Jurgen Buchau amid Ldward J. Weber

times the velocity reaches values of X m s or shghtly ubove
(not shown in the Rgures). The vertical velocity components
ure indicated in the speed punels by + (upwurd) or ~ (down:
wird) signs, in gencral they remain below S0m-s.

The examples shown here were selected 10 demonsirite the
midnight velocity reversul There ure muny other duys where
the reversnl occurs but s not as clearly defined. In cises where
the velocities nre very smull our method produced unreliuble
results. Whist needs to be dong in such situntions i (o inereuse
the Doppler resolution by incrensing the observistion period
fintegrunion time) Trom T o A2« or more, in order 1o
separate the diflerent reflection points,

At times the dnift direction chunges unespectedls, us ut 07
AST on 21 Junuary 1982 (Ig. 3y, for whout three hours the
drift direction is westwird instend of enstwird as expecied in
the morning hours, Sueh irrepulir chunges could he the resuls
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ol an expanding und shrinking size of the convection patterr.
When the patiern expands the antisunwurd Now of the duwn
cell may be over Goose Hay expluining the observed west-
wittd dnily.

4, Drift obscryvations at Thule

In winter 1983,/1984 AFGL's Airborne lonospheric Obsery.
wtory was deployed st Thule, Greenlund und ionogriams und
dnft observations were conducted with the Digisonde on.
hoard the mircraflt and four crossed-loop antennus on the
runwiry nearby. Results of w number of 24shour runs are
shown i Figs 4 und & Since Thule is close to the center of
the polur cup we expect o continuous antisunwitrd flow with
1 direction rotating 3607 in 24 h, In magnetic coordinates the
tomtion s upprosimately hincur in time #s Thule rotutes
uround the mugnetic pole. In the exumples shown, the genera!
trend of the drift direction is upproximately antisunward, On
9 December 1983 (Fig. §) there ure some large Nuctuations in
the drift direction durimg the evening hours und they coinclde
with the occurrence of sun-nligned nres observed on 6300 A
with un wlaky imuging photometer [9) Fig. 6 shows the

LABRADOR
18 TO 05 ABT

results of four days of observation at the end of Junuary 1984
Aguin, the drift direction closely follows the antisunward
direction which is indicuted in the figure, The observed vel-
ocities viry from shout 300 10 8OO m:s which is three hmes
higher than the typical vilues at Goose Bay,

8, Conclusion

The exploratory observattons made at o polur cap and an
uuroral stution confirm that the ground-hased Digreondde
Doppler shift techmigue is capable of monitonng the high
Intitude convection pattern. The average plasma velocries
viery from 100 10 300 mys ut the aurorsl stuvion and from 00
1o 800 m s n the polar cap. Since the Dunish Meteorologiaal
Institute 1s now aperating a Dipisonde ot Qunag (X7 CGLY
und the Air Force Geophysies Lahoratory operates Digisondes
at Goose Buy (68° CQL) und Argentin 158° CGLY 1t will be
possible to more closely momtor the polar convection und 1o
correlate the observations with other peaphyweal phenomena

[0, 11). especiully the peomagnenic activity, and with the
vitrlntions in the IMF

Norepr, M
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The velocity panel shows the mean velocity and the variations during the
four days.
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ABSTRACT

The values of hmF2 deduced by real-height analysis of automatically scaled vertical inci=-
dence Dipisonde lonograms have been compared with those obtained using simple methods based
on routinely scaled ionospheric characteristics. Comparisons have been made for ionograms
reccrdec at five statlons during low solar activity. The real-height analyses used
Titheridge's program POLAN, while the simple methods used were those of Dudeney and Bilitza.
Svstematic discrepancies between the simple-model and POLAN values of hmF2 were found, with
15-2C km overestimates of hmF2 by the simple methods during the night. The majority of
discrepancies lie between *20 km. During the day, 80% of discrepancies lie between =10 km.
Significantly larger discrepancies can usually be attributed to special ionospheric condi-~
ticns or ionograms, failure of the automatic scaling technique, or failure of one of the
basic assumptions of the simple models.

SIMPLE MODELS OF THE IONOSPHERE

Simple models of the ionosphere have been used for many years in applications in which the
errors in the resulting calculations are accepted because of the enormous decrease in com-
putation times which such models permit, One of the most important practical applications
is in the calculation of sky-wave field stremgths and transmission losses at HF. See, for
example, the Supplement to Report 252 /1/. For these calculations, the propagation modes
invelving reflection from the E and F lavers are determined using an ionospheric model with
parameters which depend on the routinely scaled values of foE, foF2, M(3000)F2 and h'F,F2.

The model currently recommended by CCIR consists of:

a parabolic E layer below its height of maximum electron density, hmE, with
semi-thickness ymE. haE and ymE are set to 110 lm and 20 km, respectively.

a parabolic F2 layer with height of maximum density lmF2, and semi-thickness
wnF2.

a linear increase of electron density between hmE and the point on the para-
bolic F2 layer where the plasma frequency is 1.7 foE.

The model value of hmF2 is given by the empirical equations /1, 2/:

hmF2 = 1490/[M(3000)F2 + dM] - 176
irh dM = 0,18/(X - 1.4) + 0.096 (R12 - 25)/150
and X = foF2/foE, or 1.7,
whichever is the larger. RI12 is the 12-month smoothed sunspot number.
The term dM is an cmpirical correétion term which takes into account the effects of under-
lying lonization not allowed for in the original Shimazaki /3/ formulatior. Model estimates
of hmF2 are usually correct to within 20 to 30 ke /1/. Dudeney /4/ has described an im~
preved medel which uses a cosine F2 layer shape and a more realistic E-F transition region,
and has deduced that this model ylelds more accurate values of hmF2 than the Bradley-Dudeney
model, Dudeney gives a revised formula for hmF2:

hmF2 - 1490 F/(M + dM) - 176

where dM = 0.253/(% - 1.215) - 0.012
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and F o= M [(0.0196 M® + 1)/(1.2967 M2 - 1)79°5,
The value of X {8 contrained to exceed 1.215,

In general, we have concentrated on the Dudeney /4/ model, but we have also studied the
relative validity of the Bilitza et al, /5/ and Bradley and Dudeney /2/ models., We have
analvzed about 1000 Digisonde 256 ionograms from five North American stations: Lowell,
Massachusetts; Argentia, Newfoundland; Goose Bay, Labrador; Richfie¢ld, Utah; and Erie,
Colorado, The ionograms were chosen on the basis of their ready availability, and do not
necessarily represent a statistically perfect sample.

The required values of foE, foF2 and M(3000)F2 were provided by the autoscaling software
ARTIST which 18 part of the Digisonde /6, 7/, The virtual height traces scaled from the
ionograms using ARTIST were passed to the true-height analysis program POLAN /8/, to pro-
vide reliable estimates of tmF2.

DISCREPANCIES BETWEEN POLAN AND SIMPLE MODEL VALUES OF tmF2

We have analyzed the differences between the POLAN and Dudeney values of hmF2 according to
the value of X (= foF2/foE) and to the value of the correction term dM, The differences
have been distributed among bins 5 km wide, with extreme negative/positive values being
placed in the <-30/>30 km bin., Negative discrepancies indicate that the POLAN value was
less than the Dudeney value,

Tables | and 2 show the distributions of the discrepancies for dM values of 0.0 to 0,1, and
0.1) to (.5, respectively. Broadly speaking, the low values of dM (Table 1) correspond to
nighttime ionograms, and the high values to daytime ionograms. It can be seen that the
Dudeney result is systematically higher than the POLAN result at night, by about 15 2 15
km. During the day, there is no significant systematic discrepancy between the two sets of
results, and 81% of the discrepancies lie within *10 km. [Note that the extreme values are
ignored when calculating the percentages.] There were 69 Argentia and Erie ionograms for
vhich dM exceeded 0,5. When the discrepancies greater than 30 km are ignored, the average
discrepancy for the remaining 48 cases was 15 -~ 20 km, the Dudeney values being the larger.

shmF2
(km) Low ARG G3 UTAR ERIE TOTAL L}
< -30 2 29 3 1 0 35 -
-30 -25 3 18 7 5 0 33 11
-25 -20 4 24 4 13 0 &5 15
-20 -15 11 31 9 19 2 72 23
15 -10 9 18 1 16 2 b 15
10 - 5 8 12 2 20 [A L6 15
-5 s} 5 4 2 9 1 21 7
0 B 7 2 0 3 0 13 4
5 10 2 2 1 2 0 7 2
10 15 2 i 0 8 0 11 4
15 20 [ 0 [¢} 3 0 7 2
20 25 2 1 0 1 0 4 1
25 30 ¢} 2 0 < 0 3 1
> 30 4 [ 3 8 0 21
N 63 150 32 111 9 365 309
Table 1. Distribucion of differences between the POLAN and

Dudeney values of hmF2, for 0.0 = dM < 0.10
(Nighz). A posictive value of AhmF2 indicates that
the POLAN value was grecter than the Dudeney value.
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Nt Values frem Jonograms (655
ahmF?
(ko) Low ARG GB UTAH ERIE TOTAL L]
< -0 0 1 0 0 5 6 .
«30 -2% 0 0 0 0 1 1 0
.25 .20 0 0 0 0 1 1 4}
00 .18 0 1 l 0 0 2 0
15 -10 N 3 2 9 5 21 4
10 -8 3 11 4 50 10 78 16
5 0 6 29 8 61 22 126 27
0 5 6 4“9 4 24 25 108 2)
5 10 3 14 9 7 19 73 15
015 3 il 4 2 14 34 7
i5 2 2 8 1 3 ] 14 3
20 2 3 2 2 1 1 ] 2
25 30 0 S 0 2 [} 7 1
> 30 ) 3 5 6 1 k) -
N 35 157 4Q 165 104 501 474

Table 2. Distribution of differences between the POLAN and
Dudeney vaiues of haF2, for 0.11 < dM < 0.50
(Day).

Figure 1 shows the distributions of the discrepancies for four ranges of X. The discrepan-
cles change from being systematically positive for low X values, to being systematically
negative for large X values.

o —— DUDENEY
j --- BSE

20+

10~

X>6

30+
201

4<X<B

0<X<2

ANhmF2

Tigure 1., Distribution of the di:crepancies in km between the
POLAN and model valietc of the height of the Fi-layer
pear, hmfi, The oriirites ars percentages, and
values lying oussice <te 3C im limits have been
ignored. The parareser X is defined by X = fef2/fol.
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The vystematically high values of tmF2Z given by the aimple formulas at night cun be traced
to the models' neglect of underlying ifonization. The effect of this underlying jonization
was originally considered to be insignificant a decade or so ago, which it indeed was in
comparison with the effect of the E and Fl lavers during the duy. However, the daytime
models have been improved to the point where the nighttime errors are now the largest
obtained.
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